Severe hypertriglyceridemia (SHTG)-induced acute pancreatitis has been well described. Currently accepted therapeutic options are limited. We report a case of acute pancreatitis associated with hypertriglyceridemia and diabetic ketoacidosis that was safely and effectively managed with plasmapheresis. A 38-year-old female with history of gestational diabetes presented with acute onset of nausea and abdominal pain. She denied alcohol use and was on oral contraceptive pills. On physical exam, she was afebrile, normotensive, and tachycardic with mild abdominal distension and diffuse tenderness. Diagnostic tests revealed a serum glucose of 414 mg/dL, triglycerides > 816 mg/ dL, amylase of 106 U/L, lipase of 272 U/L, anion gap of 23, BUN of 13 mg/dL, creatinine of 0.3 mg/dL, sodium of 120 mmol/L, HCO 3 of 14 mmol/L, and positive urine ketones. Computed tomography (CT) findings were consistent with severe acute pancreatitis. The patient was managed conservatively on day 1. Due to persistence of symptoms, plasma exchange using NxStage plasmafilter was performed on day 2 and day 3, which resulted in significant reduction of the triglyceride level and resolution of abdominal pain. Patient was discharged home with gemfibrozil and glyburide as maintenance therapy. The exact mechanism of hypertriglyceridemia-induced pancreatitis is not clear. It has been postulated that hyperviscosity of blood due to lipid particles causes ischemia in the pancreas, releasing inflammatory mediators and leading to pancreatic necrosis and inflammation. The advantage of plasmapheresis over conservative management is the removal of lipid particles in a relatively short period of time and clearance of triglyceridemia-associated pro-inflammatory agents.
Introduction
Acute pancreatitis is a fatal condition which is associated with a mortality rate between 6% and 23% in the adult population [1] [2] [3] . In the United States, the incidence of acute pancreatitis has increased consistently to 49 per 100,000 persons from 1988 to 2004 [4] . Severe hypertriglyceridemia (SHTG) is the third most common cause of acute pancreatitis after alcohol and gallstones, and accounts for as many as 10% of all cases of acute pancreatitis [5] [6] [7] [8] . Much of the etiology of acute hypertriglyceridemia-induced pancreatitis is not fully understood, including definitive threshold concentrations, genetic variations and environmental factors. Generally, triglyceride levels above 1,000 mg/dL are associated with acute pancreatitis. A recent retrospective review even suggested that triglyceride levels below 1,772 mg/dL are unlikely to be the primary cause of acute pancreatitis [9] .
The currently accepted treatment options for acute hypertriglyceridemia-induced pancreatitis consist of nutritional intervention and anti-lipemic medications in addition to the current standard management of acute pancreatitis including risk stratification, aggressive hydration, maintenance of nil per os (NPO), and procedures such as endoscopic retrograde cholangiopancreatography (ERCP) and antibiotics if indicated [10] . Though effective, these therapies often take days to achieve clinical improvement. Therapeutic plasmapheresis may be a safe and effective alternative for the management of severe hypertriglyceridemia-associated pancreatitis (SHAP).
We report a case of primary presentation of diabetes mellitus in a patient with diabetic ketoacidosis, acute pancreatitis and hypertriglyceridemia, which was safely and effectively managed with therapeutic plasmapheresis.
Case Report
A 38-year-old female with a body mass index of 20.2 kg/m 2 and past medical history of gestational diabetes presented to the Emergency Department of New York Hospital Queens complaining of nausea and abdominal pain of acute onset. She denied alcohol use and was taking only oral contraceptive pills at the time of presentation. On initial physical exam, she was afebrile, normotensive, and tachycardic, with mild abdominal distension and diffuse abdominal tenderness. Initial laboratory (Fig. 1) . These clinical and radiological findings are consistent with a diagnosis of severe acute pancreatitis. The patient was admitted and kept NPO. On admission, the patient had a Ranson score of 2 with a predicted mortality of 1%. Aggressive hydration, gemfibrozil 600 mg BID, insulin, heparin, and morphine were initiated on the first day of admission. These standard therapeutic interventions did not yield clinical improvement in the first 24 h, so the decision to begin therapeutic plasmapheresis with NxStage ® plasmafilter was made. A repeat triglyceride level within 24 h after the first session of plasmapheresis was 829 mg/dL. At 48 h, the patient had a predicted mortality risk of 16% based on a Ranson score of 4 which included glucose > 200 mg/dL, LDH > 350 IU/L, calcium < 8 mg/dL, and a base deficit > 4 mEq/L.
A second session of plasmapheresis was performed on the third day of admission, which yielded a reduction in triglyceride levels to 380 mg/dL. During the patient's clinical course, triglyceride levels increased to 605 mg/dL by day 5 without recurrence of symptoms, but steadily decreased thereafter to 380 mg/dL at time of hospital discharge (Fig. 2) . A follow-up CT scan was performed on day 7 which demonstrated develop- 
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Discussion
The etiology of SHTG is not fully understood. SHTG may develop as a result of disturbances in the production and clearance of plasma lipoproteins in the setting of diabetes mellitus. It may also serve as a precursor to the development of diabetes mellitus [11] . The association of SHTG and acute pancreatitis was first postulated by Speck et al in 1865 and its underlying mechanisms include chylomicron-related, hyperviscosityinduced ischemia, free fatty acid-induced inflammation, and an underlying genetic predisposition. Poorly controlled diabetes is the most common cause of hypertriglyceridemia, followed by alcoholism. The third most common causes are diet and medications, which are responsible for 15-20% of cases of hypertriglyceridemia. In the present case, the presence of SHTG was likely due to poorly controlled diabetes mellitus given the past medical history of gestational diabetes. Previous literature has documented a high prevalence of diabetes in SHAP [5, 12] . As mentioned before, very high triglyceride levels (> 1,000 mg/dL) are associated with SHAP, and these levels are rarely seen in the absence of other conditions. Yadav and Pitchumoni suggest that acute pancreatitis due to secondary hypertriglyceridemia alone is unlikely, making a multifactorial etiology probable [13] . Though genetic data were not available for our patient, we speculate that a combination of primary genetic influences as well as secondary causes of hypertriglyceridemia coexisted to result in this clinical presentation. However, hypertriglyceridemia secondary to diabetic ketoacidosis was the only cause of acute pancreatitis in the majority of patients recently reported by Fulop and Eder [14] . Indeed, no predisposing etiology other than hypertriglyceridemia due to poorly controlled diabetes was discovered in previous case reports of a similar triad of hypertriglyceridemia, diabetic ketoacidosis, and acute pancreatitis [15, 16] .
Our patient had normal amylase and increased lipase levels at presentation, which supports the previous literature describing lipase as a more sensitive and specific marker of pancreatitis compared to amylase [17] . Moreover, lipemia-related interference could have underestimated amylase levels due to colorimetric amylase assay or the presence of plasma assay inhibitor and an increased non-aqueous phase of the specimen [5, 15] .
As seen in the management of our patient, hypertriglyceridemia is usually addressed by pharmacotherapy with fibrates. Fibrates typically lower triglyceride levels rapidly and effectively and serve as first-line therapy for elevated triglycerides [18] [19] [20] . However, in the present case, gemfibrozil therapy failed to reduce triglyceride levels within the first 24 h after treatment, which necessitated an alternative therapeutic strategy. Thus, our decision to initiate therapeutic plasmapheresis was driven by the lack of improvement in the patient's clinical status with conservative management.
Plasmapheresis therapy employs the removal and replacement of large volumes of plasma in order to filter out pathologic antibodies, cytokines, immune complexes, or other blood components [21] . Two methods of plasmapheresis are currently available, centrifugation and filtration. Centrifugation relies on different densities of blood and plasma components which separate when centrifuged, allowing for removal of a particular layer, and thus, particular component of blood or plasma. Filtration, on the other hand, employs filters of varying sizes to separate plasma from larger components of blood including red blood cells, WBCs and platelets [22] . Hypertriglyceridemic pancreatitis is an indication for therapeutic plasmapheresis according to the 2010 Guidelines of the American Society for Apheresis, but is only given a category III indication, which denotes a condition for which the "optimum role of apheresis therapy is not established and decision making should be individualized" [23] .
On average, the drop in triglyceride levels after one to three sessions of therapeutic plasmapheresis is between 46% and 80% [23] . A single session of plasmapheresis may rapidly reduce triglyceride levels by up to 70% [24, 25] . We were not able to calculate the percentage drop in triglyceride levels from baseline because the exact baseline triglyceride level was not determined by our laboratory (reported as > 816 mg/dL). However, there was a 54% drop in triglyceride levels after the second session of plasmapheresis. This rapid removal of lipid particles and triglyceridemia-associated pro-inflammatory agents is the main advantage of plasmapheresis over conservative management and has been effective in clinical practice. It is important to note that the maximal reduction in morbidity and mortality is evident when therapeutic plasmapheresis is used as early as possible [26, 27] . This may explain the lack of benefit on the overall mortality and complications that was observed in the retrospective comparison of SHAP before and after the availability of plasmapheresis [28] .
In our experience, plasmapheresis is a viable and effective therapy for adult SHAP and warrants further studies and perhaps, revision of its category III indication. Betteridge et al described the first case of SHAP that was successfully treated with therapeutic plasmapheresis in 1978 [29] . Several subsequent case reports have highlighted the role of apheresis in acute pancreatitis with SHTG [30] [31] [32] . Therapeutic plasmapheresis is also effective in treating SHAP of various etiologies, including drug therapy with isotretinoin, ritonavir, cyclosporine, asparaginase, as well as lipid-emulsion overdose with TPN therapy [23] . In two case-series reports, subsequent episodes in patients with recurring pancreatitis were reduced after ongoing therapeutic plasmapheresis, by as much as 67% [24, 33] . Our case report confirms the efficacy of therapeutic plasmapheresis in the setting of acute pancreatitis and adds to the existing literature by presenting a case of SHTG and acute pancreatitis with a background of gestational diabetes, rather than long-standing diabetes. It is important for clinicians to be aware that patients may make their initial presentation with diabetes mellitus in this manner, and therefore, physicians should maintain a high-index of suspicion in patients with significant risk factors.
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Conclusion
This is the first case report regarding the use of therapeutic plasmapheresis in an adult with an initial presentation of diabetes mellitus with diabetic ketoacidosis complicated by acute pancreatitis and SHTG. Therapeutic plasmapheresis has been shown to be a safe and effective therapeutic option in the management of potentially life-threatening SHAP. Further experience is needed to solidify clinical evidence, study the effect on mortality and acute pancreatitis-related complications, and optimize future management guidelines for patients with SHTGinduced acute pancreatitis.
